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I. General Overview

Connectopedia is an interactive atlas of human brain structures, functions and vasculature,

using brain connectomics to assess functional pathways of the tasks performed by the brain.

Connectopedia is linked with the DPTOOLS package from version 6 and above, and is

distributed standalone, free of charge, for academic purposes only, with BSD licensing.

Connectopedia was coded using C++ and Delphi, with OpenGL 2D and 3D reconstructions
for volume rendering purposes (thanks to the Chris Rorden MRIcroGL sources), and is
compatible with NIFTI files. Connectopedia requieres Microsoft Windows Vista or Mac OSX
10.8 and above, a minimum of 4 GB of RAM (8 recommended), and an OpenGl capable

graphic card. A display capable of 1080p or two displays are recommended.

Connectopedia uses the 152 MNI T1 and Cortical Areas (116 areas) Atlas templates for 3D
rendering of the structural grey matter of the brain. The 58 Fiber bundles were reconstructed
from my own brain, using HARDI 60 directions, b value of 1500, and automatically generated
and coregistered to the T1 MNI template using DPTOOLS 6.1 and the MedInria 1.9 software
suite. The 90 arterial and 54 venous referenced structures were set by manual segmentation on
the T1 MNI 152 isotropic 1 mm? template. Arterial and Venous 3D VR reconstructions were
set on TOF and 3D Phase Contrast MR sequences and isotropically 1 mm?® coregistered to the
T1 MNI template.

Connectopedia was created to provide to neuroscientists as well as students an easy way of
learning, teaching or checking functional neuroanatomy, and is linked to DPTools v6 and
above, which was used to study structural and functional connectomics with real time
reconstructions and assessment of the brain structural and functional connectoms using
RTConTrack.

RTConTrack, acronym for Real Time Connectom Tracking, is a special algorithm dedicated
to identifying the Brain Grey and White Matter Structures involved in the Brain Functions
occurring during a fMRI performed task, and to creating dynamic maps of their information

exchanges patterns.



RTConTrack can be compared to a « GPS » system, where the « Cities » are the Grey Matter
Structures, the « Highways » the White Matter Bundles, and the « Cars » the neuronal

informations going through specific maps, each map characterizing a specific brain function.

To be able to identify those structures and informations, RTConTrack uses functional fMRI
Bold activation maps, analyzed in « Pseudo Real-Time » using a dedicated interpolation
algorithm (Static fMRI maps are not accurate enough for this purpose) in order to see the
informations going from one « city » to another, and Diffusion MRI sequences to

individualize the «Highways» using Tractography (HARDI sequences).

To identify the Grey and White Matter Structures involved in a specific function,
RTConTrack uses dedicated Brain Functional and Structural Anatomy Atlases.

When those structures are identified, RTConTrack computes the Structural and Functional
Dynamic Connectoms maps involved in all functions performed by the Brain during the fMRI

acquisition.

When the Structural and Functional Connectoms are computed for each fMRI activation

Timeline, RTConTrack reconstructs in 4D the Connectoms evolutions patterns.

Then RTConTrack back reconstructs the identified Grey and White Matter structures to match
the Anatomy Templates in a Dynamic Anatomy Activation Mapping and in a Dynamic 4D
(Time and Space) Functional Anatomic Reconstruction.

These Dynamic Functional Anatomic and Connectomic Reconstructions are then coded into
«GPS» maps, and these maps and compared using an artificial intelligence algorithm with
other similar maps included in a dedicated database, to assess similarity scores among the

known brain functions, the tasks and the subjects.

Brain Functions occurring during the fMRI acquisition are then identified, compared and
scored, and a report is generated with percentage of Occurrences for the Major and Minor

identified brain functions.

These scores can then be used to assess the therapy efficacy (brain functions occurrences
variations before and after treatment) in psychiatric patients (depressed, schizoid, autistic ...),
in coma patients (existence of emotional and cognitive processes during e.g. an auditory

stimulation), in lie detection, in consumer satisfaction scores, aso...



From the 2.2 version and above of Connectopedia, multithread processing is enabled (speeds
up to 250% the rendering and analysis functions), and 408 identified brain functions (from
behavior to cognitive or emotional patterns, aso...) are included and referenced in the
Connectopedia Explorer database and within the RTConTrack algorithm, as well as on the

web site.

Version 2.3 enables the vascular and structural anatomy labeling, as well as importing and co-
registering Raw Gis map files from DPTools (diffusion/perfusion/activation maps) using the

‘Drag and Drop’ feature of the 3D Renderer window (MS Windows version only).

Version 2.4 has improved Connectoms rendering of the Grey and White Matter Structures
connections with simplified views of the connected items and skeleton view of the global
structures connections, as well as interactive selecting process of the connectomic mapping of
Grey and White Matters.

Version 2.5 has a simplified ‘Sequencer Window’ interface and new filtering features to

explore the Brain Functions.

Version 2.6 has Statistics Functions for Single Subject or Group Analysis and assessment of

the Effective Connectomics and Brain Functions Usage comparison through Time.

Neuro-functional and vascular knowledge database were set using Wikipedia, and some other

references:

1. Bases of Functional Neuroanatomy, Monica Baciu, de Boeck Editions, 2011

2. Fiber Pathways of the Brain, Jeremy Schmahmann, Deepak Pandya, Oxford Editions,
2006
Networks of the Brain, Olaf Sporns, MIT Press, 2011

4. Atlas of Human Brain Connections, Marco Catani, Michel Thiebaut de Schotten,
Oxford Editions, 2012

5. Diagnostic Imaging Brain, Ann Osborn, Elsevier 2005

6. Brain Vasculature, G. Lazorthes, Masson 1961.



Connectopedia includes :
- The 3D Rendering viewer window of brain cortex (only grey matter), brain (grey and white

matter), fiber bundles and vasculature (arteries and veins):

o=
® Connectopedia E=NECE X

Analyze ‘.img/hdr’ or NIFTI “.nii’ files may be imported using the ‘Drag and Drop’ feature of
this 3D Renderer window, as well as DPTools Raw Gis map files (with or without prior co-

registering).



The Selector window with specific buttons and tabs:

Connectopedia
Interactive Atlas of Human Brain
Structures, Vasculature and Functions.
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* The Connectom Tab:

- a brodmann area (BA) selector, with all BA linked to
cortical areas and to brain functions

- a brain function (BF) selector linked to the BA selector

- a connectom path selector to select either bundle by bundle,
area by area, areas by bundles, or bundles by areas, showing
how cortical areas are structurally linked to each other by the

fiber bundles, as well as vasculature branches treeview

*The Display Tab:

Display settings :

e Quality

e Alpha Blending

e Minimum and Maximum Thresholding
[ ]

Items color setting

Clipping and Cutout Tools

“Render All Items” button



*The Grey Matter, Vessels, White Matter Tabs:
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to study or show either cortical areas and/or fiber bundles and/or vessels one by one or by

group, sorted by Name or Topology (RC to select sorting type).

Buttons to check, uncheck all items, and to render the selected items in the 3D Render

Window.




*Functions buttons:

-
# Connectopedia uﬂlﬂ
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Online Knowledge DataBase

v Offline Knowledge DataBase |

a8
. the “KdB Enabler” Button il 4 to enable or disable Preview of the KdB Files, and

selecting between Offline and Online KDB (RC on it to select DataBase source):

= to enable or disable the Connectopedia Sequencer Window

. the “Synchronize” Button to sync Connectopedia and DPTools

. The “Tracking Pathways” Button

. The “Movie” Button I

. the “Exit” Button
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- The Knowledge Database Browser (KDB) with anatomical and functional descriptions of
the grey matter areas, the white matter bundles, and the vasculature, either online if you have
a high speed internet connection, or offline.

OFFLINE VERSION OF CONNECTOPEDIA EXPLORER

Here is the Connecfapec}ia Offline Knaw!ec‘g,e Database, offline version of Cnnnectopeclia

xplorer, the |ateractive Atlas of [Juman Brain Anatomy, Vasculature and Functions.
E: P 3 Paal 1 Y,

Jtems are sorted in " | ree-Pranches’ folders. ExP]ore them }Jy c!icgf.ingon the selected item.

Arteries Grey Matter
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- The Connectopedia Sequencer Window to batch/script 2D/3D reconstructions, analyze the

connectomic, analyze brain functions, ...
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With Connectopedia user can select a fiberbundle, see the cortical areas linked by this bundle
to each other, add vasculature to see the vascular territories, and view how the brain is
working within this network using the Real Time fMRI Movie Selector.

User can also select two cortical areas and track the pathways linking the two.

When used combined to DPTools, user can automatically identify arterial or venous territory
(stroke) and identify damaged brain structures.

All the movies of the brain included in the KdB are showing real time activations, and

structural and functional connectomics involved in the selected functional task.

~
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II. Installation

Standalone Connectopedia comes with two distributions, for Microsoft Windows Vista
and above, and for Apple OSX 10.8 and above, each either online (lightweight client around
50 MB) or offline (<500 MB).

Requierements are: minimum of 4GB RAM (8 recommended), 500 Mo (for Windows and
OSX Standalone distributions) or 2 GB of free hard disk space (for DPTools distribution), and
an OpenGL compatible video card (embedded in chipset e.d. Intel, ATI, nVidia or separate

card).

II.I Windows installation:

Download the software “Connectopedia-Install.exe” on the web site and double-click
on it to install.
By default, installation directory ($INSTDIR) will be DPTools related (e.g.
C:\DPTools\bin\Connectopedia). One link will be created in the “Start Program” menu as

“Connectopedia”. To run the program, just click on this link.

IL.II OSX Installation:

Download the software “XConnectopedia.zip” on the web site. When downloaded,
double-click on it where it was downloaded (e.d. “Downloads” folder) to unarchive
“XConnectopedia”, then run the software by double-clicking on it.

Users of OSX 10.8 and Mavericks (10.9) should change the OSX Gatekeeper properties to be

able to run XConnectopedia (see the “Troubleshootings” section of this manual).
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III. Howtouseit?

Menus are available using the Right button of the mouse (Right Click, RC) in the 3D
Rendering Area, the Connectoms Path Selector, the Clipping Tool Panel and the Movie

Selector.
# Connectopedia R=RECHL X

Brain Views > Brain
Vessels Views 4 Brain Ghost
------------------- Connectom
Maps Labelling » | v Extracted Cortex
------------------- Virtual Dissection
2D Slices
Mosaic Slices

@ 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme 4
SnapShot 4

Orientation Cube

Full Screen

-

By RC on the 3D Render Window, you can select either “Brain Views” with “Brain”, “Brain
Ghost”, “Connectom”, “Extracted Cortex” or “Virtual Dissection” sub-menus, “Vessels
Views” with “Arteries” and “Veins” sub-menus reconstructions Templates, in 3D, 2D MPR

Slices, or 2D mosaic slices.
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RC is also used to Zoom the 3D rendered view.

Using the Clipping bars below the Display area in Display Tab of the Selector Window, user

can perform 2D or 3D clipping reconstructions of the selected Template.

Here is a 3D Cut using the “Brain” Template:

,

16



The matching 2D MPR reconstruction:

# Connectopedia E@M

(V2 U

"‘w&
b
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y O 4% ‘

Note that given coordinates in 2D reconstructions are in true MNI coordinates.



Here is a 3D Cut using the “Cortex” Template (in this template, only grey matter is
reconstructed):

® -18.5x-16.5x64.5=212.000
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IV. First exercise: Bundles selection

Let’s study the both Superior Longitudinal Fasciculi, especially the Arcuate bundles.
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First select in the White Matter
Tab Selector the matching
bundles (« Superior_Longitudin
al_Fasciculus L and R ») by
LC on the small empty square
(to deselect it, just reclick), then
set the “Brain Views” Template
using RC on the 3D rendering
area, then press the Render
Button.

Choose the “Brain Ghost” sub-

menu item by RC on the 3D

Render window.
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® Connectopedia =y
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© 3D Rendering
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SnapShot »
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Full Screen

When selected, the KDB Window displays anatomo-functional informations related to the

selected bundle or cortical area.
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SUPERIOR LONGITUDINAL FASCICULUS

SUPERIOR LONGITUDINAL FASCICULUS
AXIAL SLICES

Made with Connectopedia

SUPERIOR LONGITUDINAL FASCICULUS « @ =

The superior longitudinal fasciculus (also called the superior longitudinal fascicle or SLF)
is a pair of long bi-directional bundles of neurons connecting the front and the back of the
cerebrum. Each association fiber bundle is lateral to the centrum ovale of a cerebral
hemisphere and connects the frontal, occipital, parietal, and temporal lobes. The neurons
pass from the frontal lobe through the operculum to the posterior end of the lateral sulcus
where numerous neurons radiate into the occipital lobe and other neurons turn downward
and forward around the putamen and radiate to anterior portions of the temporal lobe.

Anatomy

The SLF is composed of four distinct components SLF I. SLF II, SLF III, and arcuate
fascicle (AF). In humans, these four components are bundled together although they are
functionally separate. In non-human primates, the SLF and AF are anatomically separate
and have separate trajectories.

SLFI

SLF I is the dorsal component and originates in the superior and medial parietal cortex.
passes around the cingulate sulcus and in the superior parietal and frontal white matter, and
terminates in the dorsal and medial cortex of the frontal lobe (Brodmann 6. 8, and 9) and in
the supplementary motor cortex (M II).
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The selected bundles can be viewed with the “Extracted Cortex” Template in 3D VR mode

using a 3D Cut clipping:

_
& -18.5%-16.5%64.5=212.000 l=8] ® ]

By LC in the Connectom Tab Selector on a cortical area (e.g. « Frontal_Oper_Inf_L »),
Brodmann areas referring to the selected cortical area are displayed in the BA selector.

You can select between all the displayed BA by Left Clicking on the BA Selector:
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Informations

Connectom are

By LC on the triangle “, a
Connectoms Treeview
displays all the cortical
areas linked to each other
by the selected bundle. You
can sort these either by
Areas, Bundles or Vessels
by RC on the Connectom
Path Selector and selecting

the menu item.

On the right side of the BA
Selector is the BF Selector.
When selecting a specific
BA, functions are listed in
the BF Selector, and can be
selected by LC on it (here
BA «44 », and Function:
« Language_Semantic_Flue

ncy »).
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When the function is selected, movies showing the real time activation of the brain can be

£

displayed by LC on the Movie Viewer Button

User can choose between “Areas”, “Lines”, “Bundles”, “Spots”, and “MPR 2D” movies,
showing the brain connectivity in real time:
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V. Second exercise: Bundles and Arteries

Connectopedia includes a vascular knowledge database of arterial and venous structures.
User can reconstruct brain arteries using the “Arteries” Template in the “Vessels Views”

menu of the 3D rendering window:

. Connectopedia

Brain Views 4 i

Vessels Views 4 ~/ Arteries
------------------- Veins
Maps Labelling »

2D Slices

Mosaic Slices

© 3D Rendering

Contrast
Back Color

Color Bar

Color Scheme
SnapShot
Orientation Cube
Full Screen

Let’s now study the Left Middle Cerebral Artery combined with the Right Superior

Longitudinal Fasciculus.
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1 Artery_Middle_Temporal L
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O Artery_Orbito_Frontal L

1 Artery_Orbito_Frontal R

[ Artery_Parieto_Occipital_L
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1 Artery_Percheron
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0 Artery Post_Central R
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Check All Items | | Reset All ltems

.\__‘_u_r £
% Render
b i
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1 First select in the Vessels

Tab Selector the matching
artery (« Artery_Middle_Ce
rebral L ») by LC on the
small empty square (to
deselect it, just LC again),
then set the “Arteries”
Template using RC on the
3D then

press the Render Button.

rendering area,
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.
® -18.5%-16.5%64.5=212.000 =] ® |

Let’s now have a look at the 2D Slices of the Left MCA arterial territory. RC on the 3D
Rendering area, select « 2D Slices » and also select the « Brain » Template in the “Brain

Views” menu:
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 -41.5x-9.5x16.5=124.000

(10

Brain Views

Vessels Views

2D Slices

Mosaic Slices

3D Rendering
Contrast

Back Color

Color Bar

Color Scheme
SnapShot
Orientation Cube

Full Screen

v Brain
Brain Ghost
Connectom
Extracted Cortex
Virtual Dissection
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Now have a look at the 3D VR reconstruction of this arterial territory:

® 121.5x85.5x16.5=0.000

Brain Views » | ¥ Brain

Vessels Views » Brain Ghost
------------------- Connectom
Maps Labelling » Extracted Cortex
------------------- Virtual Dissection

2D Slices
Mosaic Slices
@ 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme »
SnapShot »

Orientation Cube

Full Screen
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In the “Extracted Cortex” sub-menu item of the “Brain Views” Template, with “Display

Settings” set to High Min and Low Max, some transparent view of the arterial territory:

T 1= n
U :
Min Max | | 3
U 0
0
- g
Artery Middle Cerebral L + Red - o
3
& 121.5x85.5%16.5=0.000 [E=EEE
Brain Views » Brain
Vessels Views 4 Brain Ghost
------------------- Connectom
Maps Labelling » | v Extracted Cortex
------------------- Virtual Dissection
2D Slices
Mosaic Slices

© 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme 4
SnapShot 4

Orientation Cube

Full Screen
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At last, combine this artery with the Right Superior Longitudinal Fasciculus by LC on the
matching empty square in the White Matter Tab Selector and display these selected items
using the “Brain Ghost” sub-menu of the “Brain Views” 3D VR Template (by RC on the 3D

rendering area):

[ @ 121.5x85.5x16.5-0.000 o |oE) A
Brain Views 4 Brain
Vessels Views » | ¥ Brain Ghost
------------------- Connectom
Maps Labelling » Extracted Cortex
------------------- Virtual Dissection

2D Slices

Mosaic Slices

© 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme 4
SnapShot »

Orientation Cube

Full Screen
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VI. Third exercise: Grey Matter Structures and Veins

User can also reconstruct brain veins and venous sinuses using the “Veins” Template of

the 3D rendering window:

@ 121.5x85.5%16.5=0.000 R=RECHL X

Brain Views 14 i

Vessels Views 4 Arteries
------------------- v Veins

2D Slices
Mosaic Slices
© 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme 3
SnapShot >

Orientation Cube

Full Screen

-

Let’s now study the both Thalami combined with the Galen Vein and the Straight Sinus (e.g.

in case of deep venous thrombosis).
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Fil\Vein Rectus Sinus

m

Vein_Rosenthal L

C'Vein_Rosenthal R

CVein_Septal

CVein_Sigmoid_Sinus_ L
CVein_Sigmoid_Sinus_R

CVein Spheno Parietal Sinus L 7

Check All Items | | Reset All ltems
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% Render
b i
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1 First select in the Vessels

Tab Selector the matching

Venous
structures (« Vein_Galen »
and « Vein_Rectus_Sinus »)
by LC on the small empty
square (to deselect it, just
LC again), then set the
“Veins” Template in the
“Vessels Views” menu
the 3D
rendering area, then press

the Render Button.

using RC on
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Now let’s see how are these venous territories in 2D (RC on the 3D Rendering area, and

select the « Brain » Template in the “Brain Views” menu , then the « 2D Slices »):

® -0.5x-27.5x24.5=197.000

Brain Views

Vessels Views

2D Slices
Mosaic Slices

3D Rendering
Contrast

Back Color

Color Bar

Color Scheme
SnapShot
Orientation Cube

Full Screen

v Brain
Brain Ghost
Connectom
Extracted Cortex
Virtual Dissection
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Let’s see them in 3D (RC on the 3D Rendering area and select « 3D Rendering »):

® 121.5x85.5x16.5=0.000

Brain Views

Vessels Views

2D Slices

Mosaic Slices
@ 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme

SnapShot

Orientation Cube

Full Screen

Brain

Brain Ghost
Connectom
Extracted Cortex
Virtual Dissection
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And inside the brain when applying the 1> Cut Clipping Tool:

Clip

Clipping |

(]

Azimuth |

[ ]

Elevation |

[ ]

EEECINY ﬁ:uD ﬁ'elcl s1¢

® 5.5x8.5x26.5=227.000

37



-
# Connectopedia
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O Precuneus R

O Putamen_L

O Putamen_R

O Rectus L

O Rectus R

' Rolandic_Oper L

' Rolandic_Oper_R

[ Supp_Motor_Area L
O Supp_Motor_Area R
[ SupraMarginal L

[ SupraMarginal R

O Temporal_Inf_L

O Temporal_Inf R

O Temporal_Mid_L

O Temporal_Mid_R
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Check All Items | | Reset All ltems

‘ Render
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Now select the
« Thalamus_R » and
« Thalamus_L » by LC on
the empty square in the
Gery Matter Tab Selector,
and RC on the 3D
Rendering area to select the
«Veins » Template of the
“Vessels Views” menu
again, showing venous and
grey matter structures, then

press the Render Button:
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® 99.5x-27.5x-51.5=0.000

L=nres

Brain Views

Vessels Views

2D Slices
Mosaic Slices
@ 3D Rendering

Contrast

Back Color
Color Bar
Color Scheme
SnapShot

Orientation Cube

Full Screen

»

»

Arteries
‘v Veins
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Let’s see how these structures are each other intermingled in « 2D Slices » by RC on the 3D

Rendering area and selecting the “Brain” Template of the “Brain Views” menu:

® 9.5x-27.5x27.5=195.000

Brain Views

Vessels Views

2D Slices
Mosaic Slices

3D Rendering
Contrast

Back Color

Color Bar

Color Scheme
SnapShot
Orientation Cube

Full Screen

v Brain
Brain Ghost
Connectom
Extracted Cortex
Virtual Dissection
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Now have a look at the 3D VR reconstruction of these structures by RC on the 3D Rendering

area and selecting the “Brain Ghost” sub-menu of the “Bundles” Template:

 99.5%-27.5x-51.5=0.000

Brain Views 2 Brain

Vessels Views » | ¥ Brain Ghost
------------------- Connectom
Maps Labelling > Extracted Cortex
------------------- Virtual Dissection

2D Slices
Mosaic Slices
© 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme >
SnapShot 4

Orientation Cube

Full Screen

Venous drainages are overlapping the both Thalami, as you can see.
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VII. Fourth exercise: Tracking fiber pathways between two cortical

areas

Connectopedia includes an algorithm involved in automated identification of linked grey

matter structures by white matter fiber bundles.
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O Rectus_L

T Rectus R
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Check All ltems

Reset All ltems

’ Render
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User can check the relations
existing between grey matter

areas using the “Tracking

Pathways” Button
in the Selector window.
Let’s see which fibers
bundle(s) is (are) linking the
“Right Pre-Central” cortical
area and the  “Left
Cerebellum Crus 1”. First
select the cortical areas by
LC on the empty square in
Matter  Tab

then select the

the  Grey
Selector,
“Brain” Template of the

“Brain Views” menu.
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® 99.5x-27.5%-51.5=0,000 = [ [

Brain Views »| v Brain

Vessels Views » Brain Ghost
------------------- Connectom
Maps Labelling » Extracted Cortex
------------------- Virtual Dissection
2D Slices

Mosaic Slices

© 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme >
SnapShot »

Orientation Cube

Full Screen

Then LC on the “Track Pathways” Button :

Connectopedia will detect the fiber bundles that are linking these two areas, here the
“Cerebral_Peduncle_R” and the “Posterior_Limb_Internal_Capsule_R” by the cortico-ponto-
cerebellar tract, and will display the found bundle(s) in the “Brain Ghost” sub-menu of the
“Brain Views” Template 3D VR mode :
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® 5.5x8.5x26.5=227.000

User can select from 2 to 116 cortical areas, but the more you select, the less you have chance

to detect commun bundles (inclusive arithmetics).
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VIII.

anatomists” drawings fashion, either in color or black and white.

Rendering

Fifth exercise: Virtual Dissection with “Anatomist” Drawings

Connectopedia includes a tool to perform virtual dissection in the “19™ century
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Let’s start using the
following  White = Matter
Tracts, selected in the White
Matter Selector Tab by LC
on the empty square:

- Limbic System

- Superior Longitudinal
Fasciculus R

- Superior Longitudinal

Fasciculus L

- TapetumR

- Tapetum L

- Uncinate Fasciculus
R

- Uncinate Fasciculus L

Set the 3D Render window
property to “Brain Ghost”
sub-menu of the “Brain
Views” menu Template, and

press the Render button.
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 99.5x-27.5x-51.5=0.000

Brain Views

Vessels Views

2D Slices
Mosaic Slices

© 3D Rendering
Contrast
Back Color
Color Bar
Color Scheme
SnapShot
Orientation Cube

Full Screen

Brain
Brain Ghost

Connectom
Extracted Cortex
Virtual Dissection

In the Display Tab of the Selector, set the “Alpha” property to 100 to render the selected
bundles in Black and White.
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Then select the “Virtual Dissection” sub-menu of the “Brain Views” menu Template in the
3D Render window to see the selected items without the outside brain. After the rendering,
add the “Corpus Callosum” item by LC on the empty square in the White Matter Tab
Selector, press the Render button, and set the “MinMax” property in the Display to to have a

good quality rendering:

Set the “Alpha” property of the Display Tab to 50, and change the rendered color by
selecting the reconstructed item and choosing the appropriate color:
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IX. Sixth exercise: Connectom Rendering

Connectopedia includes a tool to assess and render the brain functional and structural

connectoms, based on its database entries.

Let’s see which are the functional and structural connexions of the Limbic System.

-
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Check All ltems

Reset All ltems

In the Grey Matter Selector
Tab, select by LC on the
empty square:

- AmygdalaR and L

- Cingulum Ant, Mid,
and Post R and L

Hippocampus R and

Olfactory R and L
Rectus R and L
Thalamus R and L

Set the 3D Render window
property to “Connectom”
sub-menu of the ‘“Brain
Views” menu Template, and

press the Render button.

In the “Display” Tab, select
the Color Selector to “All”
then “Green”, to render the

connectoms in green.
Whole  brain  structural

connexions are shown in a

skeleton line shape:
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XI. Seventh exercise: Script and Brain Functions Analyses

The Connectopedia Sequencer window lets users drive Connectopedia to script 3D

reconstructions of the Brain Structures and to analyze Brain Functions.
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“ \
& Attention_human_voices B
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Autonomic_information b
4 ¥ 4 »
Aversiveness
Awaranass
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Abstract coding numarical_magnituda + ’ ' Script |Results
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There are Selector Tabs for Grey and White Matter, and Vessels structures, Brain Functions
for filtering the analysis and Script Commands that can be batch processed or added to the

“Script” window in the right part of the Sequencer.

By RC on the Buttons, users can choose between adding Structures to Script, or Functions to

filter (inclusive “Add” or exclusive “Not”).

Filters are applied or reset by LC on the appropriate Button, and Scripts can be Loaded,

Saved, Cleared or Run also by LC on their respective Button in the ‘Script’ Selector Tab.
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Artery_Inferior_Cerebellar_L
Artery_Inferior_Cerebellar_R
Artery_Inferior_Fronto_Basal_L
Artery_Inferior_Fronto_Basal_R
Artery_Inferior_Precuneal _L
Artery_Inferior_Precuneal_R
Artery_Insular_L

Artery_Insular_R
Artery_Internal_Carotid_L
Artery_Internal_Carotid_R
Artery_Lateral_Posterior_Choroidal_L
Artery_Lateral_Posterior_Choroidal_R
Artery_Lenticolo_Striatal_L
Artery_Lenticolo_Striatal_R
Artery_Medial_Posterior_Choroidal_L
Artery_Medial_Posterior_Choroidal_R

m

PPy I, SR Tl

Add Vessel ]tem

[Whif: Matter Vessels IGr':y Matter IBr'ain Functions

Conrn:ctom ]tems

Anterior_Commissure
Anterior_corona_radiata_L
Anterior_corona_radiata_R
Anterior_limb_of_internal_capsule_L
Anterior_limb_of_internal_capsule_R
Body_of_corpus_callosum
Cerebral_peduncle_L
Cerebral_peduncle_R
Cingulum_(cingulate_gyrus)_L
Cingulum_(cingulate_gyrus)_R
Cingulum_(hippocampus)_L
Cingulum_(hippocampus)_R
Corpus_Callosum
Corticospinal_tract_L
Corticospinal_tract_R
External_capsule_L
External_capsule_R

Fornix

Genu_of_corpus_callosum
Inferior_cerebellar_peduncle_L
Inferior_cerebellar_peduncle_R
Inferior_Fronto_Occipital_L
Inferior_Fronto_Occipital_R
Inferior_Longitudinal_L
Inferior_Longitudinal _R
Limbic_System
Medial_lemniscus_L
Medial_lemniscus_R
Middle_cerebellar_peduncle
Pontine_crossing_tract
Posterior_Commissure
Posterior_corona_radiata_L
Posterior_corona_radiata_R
Posterior_limb_of_internal_capsule_L
Posterior_limb_of_internal_capsule_R
Posterior_thalamic_radiation_L
Posterior_thalamic_radiation_R
Retrolenticular_part_of_internal_capsule_L
Retrolenticular_part_of_internal_capsule_R
Sagittal_stratum_L
Sagittal_stratum_R

I
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m

| Add White Matter |tem
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XI.I Batch Commands

The ‘Sequencer Window’ has batch commands to Analyze Brain Functions, to Process

Connectoms either of Brain Functions or from the Timeline fMRI acquisition, to Filter the

Brain Functions using Grey and/or White Matter selected (checked) items, and Input/Output

commands to Load or Save maps and results, and Scripts Commands further described.

e Analysis, Display and Filtering Tab:

o ‘Analyze Brain Functions’ requires a Structural Connectom map file (.ctc) and
a Functional Timeline Map file (.tta) created in DPTools (in the
‘Connectomics’ tab, by LC on ‘Structural’ or ‘Functional’ connectomic
button).
o ‘Process Brain Functions Anatomy’, ‘Process Brain Functions Connectoms’
require a selected Brain Function in the ‘Connectoms’ Tab
o ‘Process Timeline Connectoms (Synopsis)’, ‘Process Timeline Anatomy
(Synopsis)’, require a Functional Timeline Map file (.tta) created in DPTools
o ‘Filter Brain Functions’ will search for all Grey and/or White Matter Structures
involved in different functions.
e File I/0 Tab:
o ‘Load Results’, ‘Save Results’, ‘Clear Results’ will load, save or clear the
‘Results’ Tab
o ‘fMRI Map Display’ will display a previously loaded fMRI .ima file (-
PST.ima) processed using DPTools
o ‘Load Activation Map’ will load a fMRI .ima file (-PST.ima) processed using
DPTools
e Script Tab:
o Script to be executed, saved, clear or loaded.

e Statistics Functions :

©)

‘Compute Connectoms Statistics’, ‘Compute Brain Functions Statistics’,
‘Compute Statistics Maps’ to compute Min/Max/Mean/SD, Correlation,
ZScore, Difference of Single Subject or Group data.

‘Load Connectoms Statistics’, ‘Load Brain Functions Statistics’, ‘Load

Statistics Maps’ to load previously computed statistics.
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In the ‘File I/O & Filter’ Tab, there are also Memoboxes for Boolean filter selections, and a
scrollbar to scroll between the different timelines of a .tta file, showing all the Grey And
White Matter items detected along the acquisition time.
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Commanc[&

R -
Break

Clear Results

Load Structural Connectom [File Path]
Load Functional Time Map [File Path]
Load Activation Time Map [File Path, Thr]

m

Save Results [File Path]

Filter Brain Function{s)

Pracess Brain Function(s) - Connectom

Process Connectom

Process Connectom (Yaw)
Process Connectom (Pitch)
Pracess Cannectom (Synopsis)

Analyze Brain Functions [File Path]
FEFARAREAAARARAAAAAAAEARER

Map Time [Position]

Image Start [Nb]

Origin [0.0.1]

Render #£
Render Add #
Crverlay [Trem, Color ]

Display:

Display 266
Display 384 =

Process Brain Function(s) - Anatomy £

Load Seript || Save Seript

Clear Seript| | Run Seript
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XLII Scripting

Scripts commands are:

e Break: to stop the running script

e Clear Results: to clear the Results

e Load Structural Connectom [File Path]: to load the Structural Connectom, File Name
and Path have to be provided

e Load Functional Time Map [File Path]: to load the Functional Connectom, File Name
and Path have to be provided

e Load Activation Time Map [File Path, Thr]: to load the fMRI Activation Map in GIS
format, either Global or in Real-Time ; File Name, Path and Threshold Value have to
be provided

e Save Results [File Path]: to save to results of an analysis

e Process Brain Function(s): to generate a script for the Function Analysis dropped in
the ‘And Filter Box’

e Process Connectom: to generate a script for the Connectom Analysis

e Process Connectom (Yaw): to generate a script for the Connectom Analysis with Yaw
rotations

e Process Connectom (Pitch) ): to generate a script for the Connectom Analysis with
Pitch rotations

e Process Connectom (Synopsis): to generate a script for the Connectom Analysis with
Synopsis Six views

e Map Time [Position]: to set the first Time Point of a fMRI activation map ; Integer
value has to be provided (in number of TR)

e Image Start [NDb]: to set the number of the first image to be saved in the Movie
Reconstructions ; Integer value has to be provided

e Origin [0, 0, 1]: to set the 3D rendering at the Origin view

e Render #: To Render the Grey, White Matter or Vessels structures ; Structures have to
be added after the “Render #” and before the last “#” sign

e Render Add #: To Render the Grey, White Matter or Vessels structures in an
“Additive” way ; Structures have to be added after the “Render #” and before the last

“#” sign
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Overlay [Item, Color]#: to set the color of a rendered item ; Structures have to be
added after “Overlay [Item, Color]#”, followed by the selected Color (“Gray”, “Red”,
“Blue”, “Cyan”, “Yellow”, “Violet”, “Green”), and before the last “#” sign
Display 256: set the rendered display size to 256x256
Display 384: set the rendered display size to 384x384 (default size for Synopsis
Views)
Display 512: set the rendered display size to 512x512
Display 720p: set the rendered display size to 720p (1280x720)
Arteries: to set the 3D rendering to the “Arteries” Template of the “Vessels Views”
menu
Brain: to set the 3D rendering to the “Brain” Template of the “Brain Views” menu
Brain Ghost: to set the 3D rendering to the “Brain Ghost” Template of the “Brain
Views” menu
Connectom: to set the 3D rendering to the “Connectom” Template of the “Brain
Views” menu
Cortex: Brain: to set the 3D rendering to the “Extracted Cortex” Template of the
“Brain Views” menu
Veins: to set the 3D rendering to the “Veins” Template of the “Vessels Views” menu
Virtual Dissection: to set the 3D rendering to the “Virtual Dissection” Template of the
“Brain Views” menu
Mosaic [Row, Col, Orient, SIcNb]: to set the 2D rendering Mosaic View of the
selected Template ; Row number, Col number, Orientation (Axial, Coronal, Sagittal+,
Sagittal-), Slice Labeling (0 or 1) values have to be provided
MPR: to set the 2D rendering MPR view of the selected Template
Blue, Cyan, Gray, Green, Red, Violet, Yellow colors for the Overlay [Item, Color]#
script command
Rotation&Alpha #: Command to set the Rotations (Yaw, Pitch, Yaw and Pitch,
Synopsis) and Alpha variations of the 3D rendering reconstructions, with values:
-*Yaw [Start, End, Nb Img]
*Start: Starting value of the Yaw Rotation
*End: Ending value of the Yaw Rotation
*Nb Img: Number of images for one rotation
- *Pitch [Start, End, Nb Img]
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*Start: Starting value of the Pitch Rotation

*End: Starting value of the Pitch Rotation

*Nb Img: Number of images for one rotation

-*Distance [Nb Img]

*Nb Img: Number of images for the distance variation

- *Alpha [Start, End, Nb Img]

*Start: Starting value the Alpha intensity

*End: Ending value of the Alpha intensity

*Nb Img: Number of images in between the intensity variation

#: Ending of the Rotation&Alpha # command

NB: if number of images rotations and number of images alpha variation are identical, the

Alpha variation occurs during the rotation
Snapshot: To take a single picture of the 3D Renderer Window
Alpha 3, Alpha 6, Alpha 12, Alpha 24: Preset values for Alpha variation (3, 6, 12, 24
images)
Yaw 90, Yaw 180, Yaw 270, Yaw 360: Preset values for Yaw rotations (90, 180, 270,
360 degrees)
Pitch 90, Pitch 180, Pitch 270, Pitch 360: Preset values for the Pitch rotations (90,
180, 270, 360 degrees)
Yaw&Pitch 90, Yaw&Pitch 180, Yaw&Pitch 270, Yaw&Pitch 360: Preset values for
the Yaw and Pitch rotations (90, 180, 270, 360 degrees)
Single Bmp: to save image into a single picture
Synopsis Bmp: to save image to a six views Synopsis picture
Gif: Video format for Animated GIF movies
MP4: Video format for MP4 codec movies

Create Movie [Path] : to create a movie ; File Name and Path have to be provided

Here is the script example for the Limbic System 3D reconstruction:

Origin [0, 0, 1]
Display 512
Single Bmp
Brain Ghost
Render #
Olfactory L
Olfactory_R

#

Overlay [Item, Color]#
Olfactory_L

Green

Olfactory_R

Green

#

Rotation&Alpha #

*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100
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0

30

#

Render Add #
Rectus_L

Rectus_R

#

Overlay [Item, Color]#
Rectus_L

Green

Rectus_R

Green

#

Rotation&Alpha #
*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Anterior_Commissure
#

Overlay [Item, Color]#
Anterior_Commissure
Red

#

Rotation&Alpha #
*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Hippocampus_L
Hippocampus_R

#

Overlay [Item, Color]#
Hippocampus_L
Green
Hippocampus_R
Green

#

Rotation&Alpha #

*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Amygdala_L
Amygdala_R

#

Overlay [ltem, Color]#
Amygdala_L

Green

Amygdala_R

Green

#

Rotation&Alpha #

*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Limbic_System

#

Overlay [Item, Color]#
Limbic_System

Red

#

Rotation&Alpha #

*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Thalamus_L

Thalamus_R

#

Overlay [Item, Color]#

Thalamus_L

Green

Thalamus_R

Green

#

Rotation&Alpha #
*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Stria_terminalis_L
Stria_terminalis_R
Tapetum_L
Tapetum_R

#

Overlay [ltem, Color]#
Stria_terminalis_L
Red
Stria_terminalis_R
Red

Tapetum_L

Red

Tapetum_R

Red

#

Rotation&Alpha #
*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
ParaHippocampal_L
ParaHippocampal_R

#

Overlay [Item, Color]#
ParaHippocampal_L
Green
ParaHippocampal_R
Green

#
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Rotation&Alpha #

*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Uncinate_fasciculus_L
Uncinate_fasciculus_R

#

Overlay [Item, Color]#
Uncinate_fasciculus_L
Red
Uncinate_fasciculus_R
Red

#

Rotation&Alpha #

*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Cingulum_Ant_L
Cingulum_Ant_R

#

Overlay [Item, Color]#
Cingulum_Ant_L

Green

Cingulum_Ant_R

Green

#

Rotation&Alpha #

*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #

Cingulum_Mid_L
Cingulum_Mid_R

#

Overlay [ltem, Color]#
Cingulum_Mid_L
Green
Cingulum_Mid_R
Green

#

Rotation&Alpha #
*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Cingulum_Post_L
Cingulum_Post_R

#

Overlay [Item, Color]#
Cingulum_Post_L
Green
Cingulum_Post_R
Green

#

Rotation&Alpha #
*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Corpus_Callosum

#

Overlay [Item, Color]#
Corpus_Callosum

Red

#

Rotation&Alpha #
*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #
Frontal_Inf_Oper_L
Frontal_Inf_Oper_R

#

Overlay [ltem, Color]#
Frontal_Inf_Oper_L
Green
Frontal_Inf_Oper_R
Green

#

Rotation&Alpha #

*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #

Superior_longitudinal_fasciculus_L

Superior_longitudinal_fasciculus_R

#
Overlay [ltem, Color]#

Superior_longitudinal_fasciculus_L

Red

Superior_longitudinal_fasciculus_R

Red

#

Rotation&Alpha #

*Yaw [Start, End, Nb Img]
0

360

30

*Alpha [Start, End, Nb Img]
100

0

30

#

Render Add #

Heschl_L

Heschl_R

Angular_L

Angular_R

#
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Overlay [Item, Color]#
Heschl_L

Green

Heschl_R

Green

Angular_L

Green

Angular_R

Green

#

Rotation&Alpha #

*Yaw [Start, End, Nb Img]

0
360
30

*Alpha [Start, End, Nb Img]
100

0

30

#

MP4

Create Movie [Path]
X:\Temp3\Limbic-Circuit-Yaw

Analyze Brain Functions [File Path]

Sequence Type:
Single Bmp
Synopsis Bmp

Video Format:

MP4

Create Movie [Path]
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XLIII Brain Functions Analysis

To analyze the Brain Functions of a specific task, user has to provide:
- The Structural Connectom map (.ctc file from DPTools processing)
- The Functional Timeline map (.tta file from DPTools processing)
And either to set the script command: ‘Analyze Brain Functions [File Path]’ or ‘Analyze &

Render Brain Functions [File Path]’ (far longer...) to the appropriate File Name and Path:
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Or by LC on the ‘Analyze Brain Functions’ / ‘Analyze & Render Brain Functions’ buttons in

the ‘Commands’ ‘Analysis & Processing’ Tabs.
To focus on specific functions, user can add Functions to Filter by selecting them on the
appropriate window, and LC on the “Add Function to Filter” Button.

Then to press the “Run Script” Button.

A pdf file will be generated with Major and Minor Brain Functions Occurences, and Timeline

Brain Functions patterns:

63



-
X Olfaction-Menthe-Analysis.pdf - Adobe Read = (S

.
Fichier Edition Affichage Fenétre Aide x
ARZeoBE & | /186 | | [ = Outils Signer Commentaire
(4

Brain Analysis for file: O":action-Mcnthc

Occurence(s):

WWorking_msmary: 2756 %

® &%
&

he®
® % @

*® @

‘XX ]

Exscitive_contiol_behavier: 1551 %

& @
& %0

Vensal_fizency 1448 %

® e
X X

tripstion _Intentions_others: 1710 %

& @
&e P

X3

Phonological_srocsesing: 1.374 %

®ae

CX N

oead
XX

Noveity giscniminstion: 1.573%

&8

oad®

oo

Navagationsi_skiis: 1573 %

a8

&

Emotion_procassing: 1573 %

e
&S

64



-
@ Olfaction-Menthe-Analysis.pdf - Adobe Reader

/ 186 | ‘ |z| = Outils Signer

Fichier Edition Affichage Fenétre Aide

SRZOE e

Brain Functions i:hrough T ime:

B e e

Brain Functions Analysis
EEAAAEENTAEAA AN AN TR AN Ao
Time: 13

Action_memory
Anticipation_regret
Attention_semantic_relations
Attribution_intentions_others
Auditory_memory
Autobiographic_memory
Aversiveness

Awareness

Breathing_control
Categorization
Color_structural_judgments_familiar_objects
Courage

Craving

Decision_making
Decision_making_involving_reward
Deductive_reasoning
Directional_information_head
Drawing
Dual_working_memory_task_processing
Embarrassment
Emotion_language_related
Emotion_memory
Emotion_processing
Emotional_attachment
Empathy

Episodic_encoding
Episodic_memory_refrieval
Erotica

Evaluative_judgment
Experiencing_emotional_states
Face_memory

Face _name_association
Face_recognition
Fear_conditioning
Finger_movements
Forgiveability_judgment
Happiness
Humaor_comprehension
Hunger
Identification_familiar_voices
Inferential_reasoning

Insight
Integration_visual_elements_perceptual_wholes

65



Other data are available in PDF or .xls files, and on graphs.

By Double Click on the Graph, user changes from Structural Connectomic View to Brain

Function Usage:
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When analysis is performed, by LC on either Grey Matter Item or Brain Function, Statistics of

Function or Grey Matter Usage is displayed:

66



[
r
1

—o=olb
1
1
r

-=r

T ==

1

1

1

1
-_—-

1

1

1

1
r====r-

9 ==

_——q ===

R DL U Y e I I B

T-=r|I”1=~"r=1°
1

T ==

T=-

—odloskbodocsbod o
1
1
1
1
4
1

30 32 34 36 35 40

comwoobodlasbaodoolbe Ao
1
1
1
1
L
1

g 1012 141618 20 22 24 26 28

6

330 +

300 1

67



WA
SESESST

(LU TR D)|

fﬁ#ﬂ.&lﬁh@&ﬂuﬁ.&iﬁ i |
[ fSuriorease h e ares

il . 1 “*

ey

________
DDDDDDDDDD




PYSI [PURIS——, U b - Aibaien | Acitery LIPS P— e Dot | Coetaien Coots Deicenmabivg | Desicanmibing | Dosiien
oo setncrg it | dcection ooy srprecen | ey e e jrrewn neany wrticrommd | eecktogrmard | oty
pon
[P [ENTEE NS R—— betien [ [r— [ (RIS F— B Fergresitity | Evlesiee B dtesion. | Ermermrsanee | Dited Dedonie
e, Pt coalin prsionsy poins prasiony ns A Pl oy prseminy paismay
[PRU [Er— prr— Naw [ Newaty Ovesttinn | Pursopien Parsption [— [— [— [ [m— r— [ Keency
FTEL a i i | S22 s | e | [ R pitoen Ao s ol
Frocaies Preceases Prosaaing e ey
At At Wiligasion | Trabraion E— - Sk Seat Suneery St rttcion Selfeber Sutieaate | Sumeatrin | R tion = .
s P P s bmmmettec | poreapien Ve conblie Gminn i ety
oeian
Afteams Aevasess | Covnss [Rre— — T Toiont [— [ Capaty [ Coposntun | Tose Tusrrposse | Fppissss Harmons Homer [
s Frecsoies ey P prmy e pmp pe e, Pl plo—
e
Weey St [ [ [ — [ [RTURTUN —
P rpuwgy s pisee ey
ey
A PyS—— 5 Cotorrainn | Tt T = Gromion | e ety R e e [y
—— oo e premy [—— peasmy b phusens pte . pnng e
ecinten hormaion o
[ Seaumic Kecpti Prommiic Prerstoget | Phosstogiot | Promamee s [P e Metphe [EUCE [——
el oy s [ P phas — phsy pratnseny prieesen, | d Srzstrilii | pistesmid | (o
Py - s
S [E— Spebastompns | Symucic Symaiot | Vebpemention | Vertrumny [ Verbocncosin | VebotHucncy
i (e Srbamion sl e o iR ot A
Moy P Loncteurh | Lormngrons [ Lusrnos Lomcemplen [ bong procers. | st Uembiation | Ernettimebueed | Epressic Cpenisctony [I— Dedsaie [— J—
ol bunedsecond procaden sy ot i i ey | v pomsen gl |mre P ool e
— fsions
Moy [F— VI [ [re— — [ Proopeave | Restiign | Recogomon | et Semie [ Sebiagernt | Spuauic
cocedies evpaction poe memergraviont | temmedasisits | imeey ey sphon ———y poss e ESEIT| | Sy R iy ey
(e | [ [rem. - Ty p—— G W UV r— [—
o s o ey || ey enpatatan it visoen) bvemin —
— — o e
[PESN [PES— — — ik Sedteeiy et ik Volertry [P— Comretstgpimic | Fortratorad | Fiegee e —
e puasey - pracon == b Bl — previen ——
pury
Spendh meter . Seleame ccbcae | Soectes i e Pveks Plser [——— P [Er— P [PR— [r—
pussivail (onssos oo gl potese e | | ey phie Pl i |
Word aem Deer Deseng Pins [E— [ [— [y [PR— — Tongee Ao Anvosomic | Autwnsmic [oer— Conntisct | Coming
mploies Prepiespies erepriospies | e punE issmna) plna® - eformion oy
i Lyt
[T [E— Pracassngtion | Pieprocssing | Pupurcpticn | Prieisuanty | Puscivpution | P Otien Ot Mostosiog | Locbusion Leatuson | Lochioisnpui | Hger Hea Faaihrode
sty [ plsam sy ey | e o
sy
[y [PRN— [ Stbemtasivn | Serastoeut [ Smticgtmin | ot Teet Tom [T—] [PRESE [ [P r— - Avianey [rp—
sy e b - procasiog P branbing costra) | scsect b | g st
s B sjucte
Obevrien | Objeamaming | Objes [PRSUSIFER [FPSSI [P F—— [Pe—— pr—— Devers Deterienlight | Decsratioatghs | Costacr
piso s | aims s puozzmmay pssineg
pomiere]
o
[— Kepo [— St ERp— PRSI [P [ —" e
s P o sy b P s, s
Viewtaped | Vimtprocsssny [ Viewstprocessing | vietpricion | Vit parupion | Vit moticn Viewtmamary | Viewtmamory | Viewtgmisedage | vistusion | it Viewtsamion | Uspepuit | pasiepotit | Trciopmenst | Topopaptic | Topowopiic
preeepion b g Prorseios ptstey pramshong Scviminmion ey bermen | moienputarne | mter mamary
Verorpait | Vimorpst | Vewooputis | Vieoepuit | Werdtica [
veon whormtion | mamery s avceding e

69



Attt ewtig, | At

PR s e
- ikt
[y
Mot judgmerte | Mortvesvomion, | Motinatiog | W [P Otaminen
AR Advares Wil s Tompn! Seard
oy et =
[— [ [ Eomtien
P e
.
i | Ansay [
[ho

— e [E—
= artepuintion | mbigiy bt
comprabasior
et Speed -
s R e
Mmary Mamary, - Lusran [T—
Moo RN —

Senad

e

[— [R—
phiwn

el austion

[

-

[I——

[——

Rerpores
ats e

-

i

Vo

[P—

Werdfen

[e—

Bonditery

eateged
pRr——

[

[ Corogrrinien | Contie Dusiien
Frutuinny Tonbsies 4 Dades
At datecion o vt =
[pe— Procssss | — [— Recansy
e — fr— =

St a0 ekvking Rawrnd [—
e oy " -
ity vt Faur
o -
Fieamere [ [,
[ Lomgess b eien

[rr—

Longeoge
ey

[r—

[o—
componbension

e

.

Thormat

w e et | Aiany
compribuasies e e
Tpimdie Emorisn mamary D [— i ——
Receurt

e — Treah

—

[

preavg

OMasias

=

Towd

f—

Ao iy

= Teaper n— [S— P
lealinaiss seatl
[P Leakaian [Er— [P— Har
puomiady ety a

[o— Vst [P

[r—

———

o

[P Er—

70



XII. Eighth exercise: Labeling Anatomy, Arteries and Veins

The 3D Renderer window has a ‘Map Labelling’ menu with arterial, venous and grey/white
matter structures maps which can be explored using the ‘2D Slices’ menu.

First, LC on the ‘Arterial Labels’ sub-menu of the ‘Maps Labelling” menu item, then LC on
‘2D Slices’ and display the ‘Connectom Tab’ in the ‘Selector’ window.

Then LC on a MPR reconstructed area in the 2D window ; the ‘Landmark’ label in the

‘Connectom’ tab will display the name of the pointed out structure.

v = R
® Connectopedia @E‘g
Brain Views >
Vessels Views 4
Maps Labelling » | v Arterial Labels
------------------- Venous Labels
2D Slices White/Grey Labels
Mosaic Slices

© 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme 4
SnapShot 4

Orientation Cube

Full Screen
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@ Connectopedia =/ E RS | @ connectopedia =R

“osee "

ﬁ ;
Artery_Middle_Cerebral _R

Landmark

Brodmann Functions

- v

»-Artery_Internal_Carotid_L
»-Artery_Internal_Carotid_R
- Artery_Vertebral_L
>-Artery_Vertebral R

- Vein_Internal_Jugular_L

REEEL ) ﬁaJD |ﬁe|ds‘!d| moqaauunj "'1"0‘3[V

»-Vein_Internal_Jugular_R
Brain Views >
Vessels Views »
Maps Labelling »| v Arterial Labels
------------------- Venous Labels
© 2D Slices White/Grey Labels

Mosaic Slices

< 3D Rendering

13

(1. . R —————

o

o Contrast

3

=) Back Color

E Color Bar

I

=L Color Scheme >

o Iaw

mg ‘ SnapShot >

a3 Orientation Cube

o

= Full Screen

When ‘White/Grey Labels’ is selected, the structure name is displayed as well as all the

Brodmann areas and the Brain Functions where the pointed out structure is involved.

r - - N
@ Connectopedia (= [ eS| @ 285065:25-176000 B R

Fogeo

(e ool
[

Landmark
Putamen_L

Brodmann Functions

v

[/

ﬁeld sgd| woysuueT) TINOqY,

Behavioural_inhibition
»-Anterior Co Decision_making
~__ Directional_information_head
g Emotion
Anter!or_cAo Emotion_language_related
> Anterior_lin' Emotion_processing
» - Anterior_lim Memory

> - Anterior_co

»»-Body_of_co N g I_skills &

- Cerebral_peduncle_L

»-Cerebral_peduncle_R

»-Cingulum_(cingulate_gyrus)_L E

»-Cingulum_(cingulate_gyrus)_R

»»-Cingulum_(hippocampus)_L O B e »

> Cingulum_(hippocampus)_R a e Vi :

- Corpus_Callosum «©

»-Corticospinal_tract L. | || 2=l 2 AREr ¢ Tawsen 09090909 0 e

1 Corticospinal_tract_ R mg Maps Labelling » Arterial Labels

»-External_capsule_L ;n'- Iz Venous Labels

2: Extomalicapsulesf THE © 2D Slices V| White/Grey Labels

»-Fornix < o

»-Genu_of_corpus_callosum n Massic Slices

> Inferior_cerebellar_peduncle_L a 3D Rendering
nferior_cerebellar_peduncie_R [0 (1 | . e

» - Inferior_Fronto_Occipital_L & Contrast

»» - Inferior_Fronto_Occipital_R 2

> Inferior_Longitudinal_L E Back Colot

»-Inferior_Longitudinal_R gr Color Bar

»-Limbic_System Color Scheme »

»-Medial_lemniscus_L Z ___________________

»-Medial_lemniscus_R ?—: ‘ Soohshet ;

- Middle_cerebellar_peduncle o R

»-Pontine_crossing_tract = Orientation Cube

» - Posterior_C i ~ Full Screen
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XIII. Ninth exercise: Extracting Connectoms / Anatomy Pathways

The 2D Slices Menu using the ‘White/Grey Labels’ map template has a feature that enables
the rendering of Anatomy or Connectoms pathways from a starting point Grey Matter area.

By LC + hitting a special key on a grey matter area, all the structures that are connected to
this area are displayed in an anatomic shape (key: ‘CTRL’) or in a connectomic shape (keys

‘CTRL’ + ‘Left Shift’ together).

First select the ‘Brain Ghost’ template, then LC on ‘2D Slices’ then ‘White/Grey Labels’, and
LC on the Left Hippocampus (Label displayed in the ‘Connectom’ Tab:

. Connectopedia Ll = ‘

e

Landmark

-
B 285x11.5x-14.5=249.000

e

e

Hippocampus_L

Brodmann Functions

'":|noc|v

v v

> - Anterior_Commissure =
- Anterior_corona_radiata_L
> Anterior_corona_radiata_R

> Anterior_limb_of_internal_capsule_L
- Anterior_limb_of_internal_capsule_R
--Body_of _corpus_callosum
»-Cerebral_peduncle_L

- Cerebral_peduncle_R

> Cingulum_{cingulate_gyrus)_L

»- Cingulum_{cingulate_gyrus)_R

- Cingulum_(hippocampus)_L

- Cingulum_{hippecampus) R

- Corpus_Callosum
»-Corticospinal_tract_L

»- Corticospinal_tract_R
»-External_capsule_L
»-External_capsule_R B
»-Fornix

>-Genu_of_corpus_callosum

> - Inferior_cerebellar_peduncle_L

- Inferior_cerebellar_peduncle_R

> Inferior_Fronto_Occipital_L

> Inferier_Fronto_Occipital_R

> Inferior_Longitudinal_L

> - Inferior_Longitudinal_R

»-Limbic_System

- Medial_lemniscus_L

> -Medial_lemniscus_R

> -Middle_cerebellar_peduncle

> - Pontine_crossing_tract

> - Posterior_Commissure -

!

|J33|5|EW OfleIM | 9|3593A |J31:|EW EOJD |F1‘E|c|5_lC[| moq::uuoD

Then combine LC + ‘CTRL’ key on the same Grey Matter Structure to see the Anatomy
Rendering of the connexions in 2D:
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> Limbic_System
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Medial_lemniscus_R
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N >

FEFELE

Or LC + ‘CTRL’ + ‘Left Shift’ to see the Connectoms rendering of the connections:
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By LC on ‘3D Rendering’ these reconstructions can be viewed in 3D mode, either for the

Anatomy Rendering of the connections:

7 R
& 27,5x-11,5x-14,5=38,000 = |
Brain Views »
Vessels Views >
Maps Labelling »
2D Slices

Mosaic Slices
@ 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme »
SnapShot »

Orientation Cube

Full Screen
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Or for the Connectoms Rendering of the connections :

® 27,5x-11,5%-13,5=1,000

Brain Views 4

Vessels Views 4

2D Slices

Mosaic Slices

3D Rendering

Contrast

Back Color

Color Bar

Color Scheme >
SnapShot >
Orientation Cube

Full Screen
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XIV. Other functions:

By LC on the 3D rendering area, user can:
- Set Contrast (by LC on it)

- Set Back Color (here white)

- Set Color Bar visible

- Orientation Cube visible

- Take a snapshot of the 3D Rendering area

® 99.5x-27.5%-51.5=0,000 (= [ E et
Brain Views »
Vessels Views »
Maps Labelling »
2D Slices

Mosaic Slices
@ 3D Rendering

v Contrast
Back Color
Color Bar
Color Scheme >
SnapShot >

Orientation Cube

Full Screen
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User can view 3D Rendering area in « Full Screen »:

® 2517515175000
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User can view in 2D MPR slices the selected items (WM, GM, and Vasculature):

® 25x-17.5x-1.5=175.000

Brain Views »
Vessels Views 4
Maps Labelling 4
2D Slices

Mosaic Slices

3D Rendering

Contrast

Back Color

Color Bar

Color Scheme 4
SnapShot >

Orientation Cube

Full Screen

v Brain
Brain Ghost
Connectom
Extracted Cortex
Virtual Dissection
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User can set the 3D Rendering color reconstruction set by LC on « Color Scheme »:

® 25x-17.5x-1.5=175.000 L= | E e

Brain Views »
Vessels Views 4
Maps Labelling »
2D Slices

Mosaic Slices

@ 3D Rendering

Contrast

Back Color

Color Bar

Color Scheme » Grayscale
------------------- actc
SnapShot » bluegrn

Orientation Cube bone

Full Screen carp
cool
GE_color
gold

hot

hotiron

rainramp
redyell

surface
warm

winter
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User can view mosaic slices of the selected Bundles / Areas / Vessels by LC on « Mosaic

Slices »:

® 25x-17.5x-1.5=175.000

Brain Views

Vessels Views »

2D Slices

Mosaic Slices

3D Rendering

Contrast

Back Color

Color Bar

Color Scheme >
SnapShot »
Orientation Cube

Full Screen
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Columns 4 —% f )

Rows 5 % [ 0

Orientation  Awial -

Show cross slice M Label slice number [

Script Command [ Copy Sc:ipt] [ Run Script ]

AH-0.100V-0.3000.0476 0.09520.14290.1905:02381

User can select axial, sagittal, coronal reconstructions, and the number / pattern of the
displayed slices.
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XV. Troubleshooting's

User might have some problems in installing or running Connectopedia. Here are some

clues.

XV.I Connectopedia Windows Version:

XV.LI Installation Shortcut

After install, the link created in the “Start Program” menu of Windows might be
erroneous.

Explore the files using “Windows Explorer” to see where Connectopedia have been
installed (by  defaut, “C:\DPTools\bin\Connectopedia”), then locate the
“Connectopedia.exe” file. Create a symbolic link to the Desktop by Right-Click on it, then
select “Send to...”, then “Desktop (Create Shortcut)”.

You should be able now to run Connectopedia by Double-Clicking on the link created on
the Desktop.

XV.LII Running issues

When Shortcut are erroneous, running Connectopedia can generate error messages at
launch time, and Connectopedia can not be used.

Correcting the Connectopedia Shortcut (see section IX.1.1) generally solves this issue.

XV.II Connectopedia OSX Version:

Main issue with the OSX version is related to Mavericks GateKeeper, because

Connectopedia is not signed as “Apple Approved” software yet.

Let’s see how to overcome this issue (here “Onyx” software taken for example).
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Starting with OS X Mountain Lion, Apple introduced a data execution prevention routine
called Gatekeeper, which will block the automatic execution of programs that are either
unsigned by an Apple Developer, or not issued through the App Store.

This routine prevents potentially malicious programs from running and harming the system or
your data. However, while beneficial, it can also prevent legitimate programs from running,

where it issues a warning that the program is not signed and will not allow it to run.

J “OnyX" can't be opened because it is from
£ @", an unidentified developer.

Warnings such as this will show when you attempt to open apps that are not signed, if you

have Gatekeeper enabled on your Mac.

If you regularly use third-party programs that give this warning, then one option is to turn off
Gatekeeper in the Security System Preferences, but this will prevent the service from helping

secure your Mac.

To overcome this, there are two options. The first is to right-click the program and use the
"Open™ contextual menu item to initially launch such programs. The use of this menu
suggests you explicitly intend to open the program, instead of perhaps inadvertently launching
it with a double-click. When you do this, a warning message will still appear; however, if you

choose the option to open the program, then a Gatekeeper exception will be made for it.
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http://www.cnet.com/tags/macbooks/
http://i.i.cbsi.com/cnwk.1d/i/tim2/2013/11/18/GateKeeperWarning.png

en Secotity & Privacy

Cartwt al FieVauk Frewad Privacy

A fogin password has been set for this user | Change Password

[ Require password | Immedately © | after sleep or screen saver begins
[V Show a message when the screen is locked | Set Lock Message.
¥ Disable automatic login

Niow apps downioaded from:
(&) Mac Agp Seore
Mac Aop Store and identfed developers
Axgnbets

"OryX™ was blocked from cpening becauie & i not from an Open Amyway
identified developer.

] ‘ Cick the Jock 1o prevent further chasges. Advanced ?

This message and button will appear in the Security & Privacy system preferences when you

encounter an unsigned program.

If you have installed OS X Mavericks on your system, Apple has introduced another means
for bypassing Gatekeeper. If you open a program that issues a Gatekeeper warning, then even
if you have dismissed the warning, you can go to the Security pane of System Preferences,
where you will see a message under the Gatekeeper settings about the recently blocked
program. Next to this message is a button titled "Open Anyway," which if clicked, will launch

the program and make an exception for it in the Gatekeeper database.

Even though the extra steps to use this new feature make it less convenient than using the

contextual menu, it is still a new option for those using OS X Mavericks.
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http://www.cnet.com/products/mac-os-x-10-9-mavericks/
http://i.i.cbsi.com/cnwk.1d/i/tim2/2013/11/18/GateKeeperSecurityMavericks.png

XV.III OpenGl issues with Connectopedia Windows and OSX Version:

Both Windows and OSX versions of Connectopedia can be affected by a strange OpenGL
issue due to the way OpenGl Shaders are rendered by the Video Card.

Brain can be rendered “deformed” such as:

When user encounters this issue, closing then running Connectopedia again should correct
this.
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Other issues might also be encountered when the OpenGl drivers of the Video Card are
incompletely implemented, e.g. when using VMWare Fusion on OSX for virtualization of the
DPTools or Windows Standalone distribution of Connectopedia:
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To overcome this issue, user can select different Rendering Quality, from “GPU Low” to
“High Quality”, and “CPU Rendering” by Right-Clicking on “Shader Quality” in the Display
Panel.
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Uncinate_fasciculus_R v Red -

Display >
; ’ } 8—
Quality [ o 1w ) =
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CPU Rendering - C
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All these issues are not exhaustive. If you have any pitfall or comment, please send an email
to: denis.ducreux@fmritools.org

Visit http://www.fmritools.org to see Teaching Files and Videos related to Connectopedia.
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http://www.fmritools.org/

Enjoy !

Pr Denis Ducreux, Bicetre, © 2014-2015
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